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(71) We, A-B. VOLVO, a Swedish 
Body Corporate, of P.O. Box 382 S— 4Q5 08 
GotdK>rg^ Sweden, do hcidby dedare die in- 
vention, for whidi we pray tiiat a patent may 

5 be granted to us, and the mediod by which 
it is to be perfonned to be particularly de- 
scribed in and by the following statement:— 
This invention relates to epicydic change- 
speed power transmissions and concerns in 

10 particular epicydic gearing comprising diree 
epicydic gear trains, the first and second 
trains each comprising an internally toothed 
annulus, an externally toothed sim wheel co- 

^ ■ axial with the annulus and at least one planet 

15 wheel meshing with both the sun wheel and 
the annulus and rotataHy mounted in a planet 
carrier which itsdf is mounted for rotation 
about the common axis of the sun wheel ssnd 
the annulus, die gearing induding braking 

20 means for sdectivdy holding predetennined 
• members of the gearing against rotation and 
dutdiing means for sdectivdy establishing 
driving connections between predetennined 
members of the gearing to achieve a series of 

25 different driving ratios between input and out- 
put members of die gearing which arc coaxial 
with the first and second gear trains. 

According to the invention, there is pro- 
vided epicydic gearing comprising firsts second 

30 and tliird epicydic gear trains of whidi die 
first and second gear trains eadi comprise an 
internally toodied annulus, an externally 
toothed sun %died coasal with die an nulus 
and at least one planet whed meshing widi 

35 botii the sum wheel and the annulus and 
rotatably mounted in a planet carrier idiidi 
itself is mounted for rotati(m about die 
conunon axis <rf the sun wheel ^ and the 
annulus, the gearing induding braking means 

40 for sdectivdy holding predetermined mem- 
bers ci the gearing against rotation and 
dutching means for sdectivdy establishing 
driving coimections between predetermined 
members of the gearing to achieve a series 
45 <rf different driving ratios between input and 
output members of the gearing whidi are co- 



axial with the gear trains, wherein an inter- 
mediate member is rotationaUy connected to 
die driving members of three independently 
operated friction dutdies, die driven member 
of the firct dutch is rotationally connected to 
the sun gear of the second train, the planet 
carrier of the second train and the annulus 
of tiie first train are rotationally connected to 
each odier and the first sdectively-operable 
braking means and to the driven member of 
the second dutch, the driven member of the 
third du^ is rotationally connected to the 
sun gear of the first gear train, the sun gear 
of the second train is rotationally connected 
to seccxid sdecti'v^ly-operable braking means, 
and the planet carrier of the first train is 
ixrtationaDy connected to the annulus of the 
second train and to die output member and 
wherein the third epicydic gear train is con- , 
nected between the input of the gearing and 
the intermediate member and is constructed to 
yield sdectivdy two alternative drive ratios m 
the same direction. 

British Patent No. 1,331,(>48 demonstrates 
that a transmission containing three epicydic . 
gear trains will yidd five forward drive ratios 
and one reverse ratio when controlled by three 
braking devices and three dutdiing devices, 
whereas it will be shown diat a transmissi<ni 
constructed according to ibe invention wiU 
yidd at least seven uiefid forward drive raxios 
and two reverse ratios iR*cn coniroUed by die 
tiHce brakmg devices and four cUitches and 
that the range between the lowest and the 
hidiest ratios is substantiaUy greater tiian 
^mv^ be d>tainable frwn the same three 
epicydic gear trains em|rfoyed in accordance 
•with the said British Patent. 

Another advantage of the said arrangement 
is to prtyvide a series of forward drive ratios 
m vdiich the increments between successiTC 
ratios at the higher end of the series, diat is 
the end at which die output speed is greater 
in relation to input speed, may be smaUer 
than those at the lower end of the senes. 

An advantageous modification consists m 
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*"T~^troducing into a change-speed transmission 
of toe type hereinbefore defined a free-wheel 
device adapted to foriil a 'unidirectional link 
betweep the .sun wheel of the second train and 
a driving memb» which is common to the 
three dutdies which provide the selective 
driving connections to the sun vtiieel of the 
fiin train^ to the plan^ carrier of the second 
.'train and to the sun wheel of die second train, 
the said free-wheel device preventing die 
latter sun wheel from rotating faster than the 
said driving member when the latter memBer 
IS rotating in the nonnal driving direction, but 
freely peimitdng rdative rotation in the 
opposite sense. 

This prevents a vehicle incorporating such 
a transmission from rolling backward on an 
iq>-hiU gradient in the absence of sufficient 
driving torque at the input member of die 
transmission, so long as at least an indirect 
forward drive ratio is engaged. 

Further, it facilitates and renders progressive 
a anooth transition from a direct-drive con- 
dition to an overdrive condition, and vice 

Embodiments of the invention will now be 
dcsOTbed by way of example with reference 

to the accompanying drawings, in which: 

Fig. I is the upper half of a diagram sfaow- 
mg the layout of power transmission gearing 
for an autxnnotive vehicle^ and 

Fig. 2 shows a modification which may be 
applied to the transmission shown in Fig. 1. 

The transmission gearing shown in Fig. 1 
comprises a rotatably mounted inputt meinber 
21 which in use is connected to the output 
dement of a torque-converter (not shown), 
the input element of v^ieh may be driven by 
a prime-mover such as a diescl engine. An 
intermediate rnember 1 carries a radial flahge 
2 to the periphery of which is attached a 
- sleeve^ 3 carrying the driving elements of 
three inde|>endendy-operable friction clutches 
CI, C2 and C3. The driven elements of the 
three clutches CI, C2 and C3 are carried by 
i^ective radial flanges 4, 5 and. 6 mounted 
tesMctively on sleeves 7 and 8 and a central 
diait 9 whidi are all coaxial with the inter- 
mediate member 1 and sun wheel SI. 

At its other end, die central shaft 9 carries 
d» sun gear wheel SI of a first epicydic gear 
train Tl which also includes a rotatably 
mounted internally toodied annulus Al and 
a set of fmir planet pinions PI each meshing 
witii both the sim wheel SI arid the anntdus 
Al and each being rotatably mounted on a 
planet carrier H which itself is mounted for 
rotation about the comihdn axis <rf die sun 
wheel SI and die annulus Al. 

The deeve 8 terminates in a radial flange 
11 forming part of the planet earner 12 of 
a second epicydic gear train T2 having a sim 
gear wheel S2 secured to and coaxial wth the 
sleeve 7, an internally toodied annulus A2 



P^^^ pinions P2 which are each 
rtrtatably mounted in die second planet carrier 

^ JP^<:f ^ ^'^'^ second sun 

wheel S2 and die second annulus A2, die 

about die common axis of die sun wheel S2 
and aimulus A2. 

The first annulus Al is rotationally con- 
nected to the secoiid planet carrier L2 by 
meam of an- extension sleeve 12 secured to 75 
flie first annuhis Al and terminating in a 
flange 13 extending inwards to die second 
planet carrier L2. 

1^"^^ ^i"^ ^ IS rotationally con-* 
Sf^«?^ "^.^ flange 14 to 80 

the fim planet carrier LI whidi in turn is 
soured to a radial flange 15 on a sl^il 
wh^di IS coaxi^ widl die input member 1 

^iT"^^ ^ 16 foxn^ die 

output m^ber of die transmission gearing. * 85 

A first braRe BI has its rotary elementl7 
rorationally connected to the first annulus Al 
and can iherdjy when energised hold die first 
annulus Al stationary. A second brake B2 
snnilarly has its rotary element rotationally QO 
conn^^ to the second sun wheel S2 and can 
accordmgly be energised, indqiendendy of die 
fim brake Bl, to hold the second sun wheel 
o2 stattonary. 

A ffee-wheel device 20, for example of the 05 
rofler or sprag typ^ may be installed between 
the first annulus -Al and the transmission 
casmg to prevent the first annulus from 
rotating backward relative to the rotation of 
me input member 1 but allowing the annulus inn 
Al to rotate freely in die forward direction 
wh^ the first brake Bl is rdeased. This 
facilitates smoodi changing between ratios by 
avoiding the need for accurate co-ordination 
of the operation of die brake Bl with that of 1Q5 
die other controlling dements. 

The gear train T3 is similar to die trains 
Tl and T2 in: that it comprises a sun wheel 
S3^ an internally toothed annulus A3 and a 
set of four planet pinions P3 each meshing im 
with both the third annulus A3 and the third 
son whed S3 and eadi being rotatably 
m^ted <Hi a planet carrier- 13, 

^tnemput member 21 of the gearmg is ii 
ose secdted to die output member of a torque- 
omverter (not shown). The input membw 21 
^ rmtionaUy connected to the diird annulus 
A3 by a radial flange 22 secured to both the 
orcrall input shaft 21 arid the diiid anmdus 
A3. A further radial flange 23 rotationally con- \je\ 
nects the planet carrier L3 to the intermediate 
shaft 1 of the gearing. A third brake B3 has 
Its rotary element 24 rotationally connected 
to the third sun v^eel S3. The third train T3 
inay be locked up for en blac rotation (with 125 
the- brake B3 rdeased) by means of a fourth 
clutch C4 which in this embodiment is con- 
nected between the third sun wheel S3 and 
the third planet carrier 13. A second free 



/v,o^«i «„-rfr*C J --^w** «iuutu« uic uiiiii piauet earner 1^, A second tre 

65 coaxial widi die second sun whed Sa, and a wheel device 25 is preferably included to pre 
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vent backward rotation of the sun \^eel S3, 
Aeieby avoiding the need for accurate 
synchronisation of operation of the brake B3 
relative to that of the clutch C4. 
5 It can be shown that die engaging of die 
various brakes and/or dutches selectively in 
different combinations of three at a time will 
yield potentially eight different forward drive 
ratios and two reverse ratios, between the 

10 overall input and output members. 

The numerical values of these ratios will 
of course depend on the relative numbers of 
teeth on the sun wheel and annulus of each 
epicyclic train. Each of the three q>icyclic 

15 trains can be designed to have a specific 
relationship in this respect in order to inrovide 
a series of at least seven useful forward drive 
ratios and two useful reverse ratios. For ex- 
ample, die number of teedi on the first sun 

20 wheel SI, relative to that on the first annulus 
Al, is preferably between 0.45 and 0.55 when 
the transmission is adapted for use in a high- 
speed highway vdhicle and between 0.25 and 
035 when it is adapted for use in an off- 

25 highway vehicle. The corresponding relation- 
ship between sun wheel 82 and annulus A2 in 
the second train is preferably between 0^5 and 



035 and in the third train it is preferably 
between 0.5 and 0.6, the latter two trains 
being unaffected by the role for which the 30 
transmission is to be used. 

A furdier feature of die layout shown in 
Fig. 1 is diat ratios suitable for each of the . 
two i61es of die transmission can be provided 
\dien specific toodi' numbers assigned to die 35 
members of each train are compatible with 
the emplo3naient in cadi train of at least four 
equally-spaced planet wheels, while, at the 
same time, the number of teeth in the 
annulus is the same for each of the three 40 
trains, thereby facilitating production of die 
annulus members by enabling dieir teedi to be 
cut by a single set of broaching tools. 

By way of example, a transmission suitable 
for a higji-speed highway vehicle may have 45 
80 teeth in each annulus while the sun wheels 
of the first, second and third trains have 
respectively 40, 24 and 44 leeth, the number 
of teeth on each planet whed in each of these 
trains respectively being 20, 28 and 18. It 50. 
can be shown diat sndi a transmission will 
yidd at least the following ratios of output . 
speed to input speed v/h&n the brakes and/or 
dutches are sdectivdy engaged in combina-. 
tions as indicated in the brackets: 55 



Drive Ratio Incremental ratio 



1st speed Ol + C3 + B3) 




0-215 : 


1 




2nd - 


OBI + C3 + C4) 




0.333 : 


1 


1,55 


3rd - 


052 + C3 + B3) 


m 


0.441 : 


1 


1.324 


4th - 


(CI + C3 + B3) 


m. 


0.645 : 


1 


1.462 


5th* - 


052 + C2 + B3) 




0.839 : 


1 


1.3 


6th - 


(CI + C3 + C4) 


Mr 


1.000 : 


1 


1.192 


7th - 


(B2 + C2 + e4) 




1.3 


1 


13 


Reverse ItBl + CI + B3) 


«t 


-0.194 


: 1 




Reverse 2 (Bl + CI + C4) 




-0.3 


: 1 


1.55 



* A further speed coirespondiiig to (B2 + C3 + C4) gives a drive ratio 
0.684:1 which is too close to 4th speed to be useful. 



Th^ transinissfon constructed in «xord8noc and. placets S"*^'".!"'^ "^t- 

witb the foregoing cmnple can be adapted haying 28-tooA ^^^t^ J^^nP'^J^^ 

to suit an off-higtoray viiide by exchanging mission can shown to yield at least tne 

60 the first siin uriEied SI for one havmg 24 foUowing lanos.— 
teeth and exdianging the planet carrier LI 
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Drive Ratio 


Incremental 


1st speed <B1 + C3 -t-BS) 




0.149:1 




2nd - 


CBl + C3 + C4) 




0.231: 1 


- L55 


3xd - 


(B2 + C3 + B3) 




0.365:1 


1.58 


4th - 


CB2 + 03 + C4) 




0.565 : 1 


1-55 


5th*- 


(B2 + C2 B3) 




t),839:l 




6th - 


(CI + C3 >C4) 




1.0 : 1 


1.192 


7ttL - 


(B2 +C2 + C4) 




1-3 :1 


1.3 


Reverse ICBl + CI + B3) 




-0.194:1 




Reverse 2 (Bl + CI + C4) 




-0.3 :1 


1-55 



* A further speed ^Cl + C3 + B3) yielding a drive ratio of 0.645 is 
availablee 



In the modification shown in Fig. 2, a foee- 
wheel device 31 is installed between the 
drivings and driven members of the dutch CI. 
5 of the gearing of Fig. 1. The ftee-vthed 
device 31 Is so constructed as to prevent the 
second sun in^ied S2 frcxn rotating faster tfian 
the driving sleeve 3 when ihe latter is rotating 
in the normal driving direction^ but to permit 
10 free relative rotation in die oj^Kwite sense. 
The f^ee-^vheel device 31 may be any of the 
known types in which there are first and seccmd 
rotary members mounted coaxially with one 
anothCT and a scries of rollers or spiags dis-- 
15 posed between the said members are adapted 
to wedge themsdhres to act as a driving Imk 
between -die two members whenever there is 
a tendoicy to relative motion between the 
two members ia one - specific direction, while 
20 freely permitting rdative motion of the two 
members in die c^posite- sense. 

Such a &ee-wh^ device may convenijsndy 
be installed widiin the . clutch Cl> the first 
. rotary member of the free-wheel "device being 
25 rotationally connected to die driving member 
of the ^d dutch and the second rotary mem- 
ber being rotationally connected to tide driven 
member of die said diutchj which driven, mem- 
ber is also rotationally connected to the sun ■ 
30 wheel S2 of the second train T2. 

The opexatim of die modification is as 
follows: When the. transmission is set for any 
indirect fonvard drive ratio one or other of 
the dutches C2 and C3 must be engaged and 
35 one of the braking devices Bl or B2 is holding 
stationary eidxer the fi^st.annuliu Al or the 
second sun wheel S2. In diese drcumstances 
any backward rotation of the commcm driving' 
sleeve 3 is prevented by the free-wheel 31. 
40 because the sun wheel S2 of die second train 
would then eidier be locked its brake B2 



or would tend to rotate oppositely to the back- 
ward rotation of die common driving member 
3, and since the lauer is unable to have bade- 
ward rotation it follows that the transmission 
output ^aft 16 is also prevented from back- 
ward rotation in these circumstances; dius the 
ydhude^is prevented fro m rol ling backward 
irxeqiectivcfy oftiEb value, of the drivingTorqi^ 
from the prime-mover, 

if the annulus Al of the first train is pro- 
vided with the free-wheel device 20 to pre- 
vent its backward rotation, it will be seen that 
the vehide is dius also prevented from roUing 
back when the direct-drive ratio is engaged 
and none of the braking means is applied. 

The vehicle may be driven forward in the 
direct-drive ratio by engaging die clutch C2 
widtout engagtag eidier of the dutches CI or 
C3 since dbe free-wheel device 31 connected 
across CI prevaots the second sun whed S2 
mm' oveminriing the ccnnmcm driving sleeve 
3, so as its tendency under the infl^ifjpty 
positive driving torque applied in these 
^ circumstances. From this driving ccnditicni it 

• is possible to make die overdrive ratio effec- 
tive merely by engaging the brake B2 to hold 
die second sun whed S2, since the free-T«^eel 
device 31 will automatiodly rdease its grip 
when the brake B2 takes over die torque re- 
action from it: This renders unnecessary the 
usual critical operation ot co-ordinating the 
release of a friction dutch \ridi die effective 
engagement of the brake. Consequendy, a 
smooth transiticm from the direct-drive ratio 
to overdrive ratio, and vice versa, can be 

* achieved by progressivdy engaging (or dis- 
engaging, as die case may be) die overdrive- 
engaging braking means B2. 

The brakes and dutdies used in the con- 
struction of the invention may take any forin. 
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but preferably they are trf tiie type in 
discs faced with suitable fricdon 
interleaved with odicr discs and prised into 
mutual fictional contact by the ^pbcauon of 
^ fluid pressure to an actuator or actuators in- 
corpomed in the brake (x du^ device. 
Details of thdr construction and of the con- 
struction of the gear trains may follow c«i- 
vcntional practice in "die art. 

10 WHAT WE CLAIM IS:— ^ ^ 

1, Epicydic gearing comprising first, 
second and third efMcydic gear trains of which 
the first and second gear trains each comprise 
an intemally toothed annulus, an externally 
IS toothed sun whed coaxial widi the annulus 
and at least one planet whed meshji« with 
both the sun whed and the annulus and 
rotatably mounted in a planet carrier whidi 
itself is mounted for rotation about the 
on common axis of the sun whed and the 
annulus, the gearing including brakmg means 
for sdectivdy holding predetermined mem- 
bers of the gearing against rotation and clutch- 
ing means for sdectivdy cstablishmg dnymg 
connections between predetermined mmtos 
of die gearing to achieve a series of different 
driving ratios between input and output 
members of the gearing which are c<«xial 
with die gear trains, wherein an mtermediate 
-in member is rotationaUy connected to tte 
driving members of dir«. ^^dep<mden^ 
operated friction dutches, die driven member, 
of the first dutdi is rotationally coimected to 
die sun gear of die second train, die planet 
35 carrier of die second train and difc a™f «s 
of the first train are rotationally connected to 
eadi odicr and to first sdectivdy-opcrable 
braking means and to die driven member ot 
die second dutch, the driven memba: of the 
Ad diird dutch is rotationaUy conned to tne 
sun gear of die first gear tram, the sun gear 
of the second ttam is rotationaUy connected 
to second sdectivdy^perable bratog m^, 
and die planet carrier of die first trmn is 
45 rotationaUy connected to die annulus of ib& 
second trwn and to die output manber and 
wherein die diird epicydic gear tram is con- 
nected between die mput of die g^«g^^ 
die intermediate member and is copstri^ 
50 to yidd sdectivdy two alternative drive ratios 
in the same direction. 

2 Enicydic gearing accordmg to daun i, 
«heieKe filt, second and diird dutdi^ 
axe aU located physicaUy on die same side of 
55 die second train as die b^t member, ana 



die driven member of die second dotdi is 
rotati<maUy connectBd to die sMxmd planet 
carrier by a sleeve passing through tte Koond 
sun whed and its connection to me driven 
member of die fiist dutdi, and die dnvcn 60 
member of die diird dutdi is rotatioiwUy 
connected to die first sun wheel by a shaft 
passing through the sleeve. , 

3. &>icydic gearing according to daim . l 
or 2, vAxxdn the third epicydic gear tram 65 
comprises a toothed diinl sun wheel, an mter- 
naUy toothed third annulus and at least one 
planet whed rotatably mounted m a Aird 
planet canier and meshnigwidi bodi die Aird 
sun wheel and die third annulus, die mml /u 
planet carrier being rotationaUy comiectcd to 
die intermediate member, diethird annulus 
being rotationaUy connected to the mput mem- 
ber,^ and a fourth dutdi is f^y^yz . 

operably to connect two dements of die durd 75 
tSn tc^gedier to lod. up the third tram, and 
Sependendy operable diird brakmg mc^ 
are operable to hold the diurd sun wheel ^ 
station'ary widi die fourth ckttdi di^^^ 

4 Epicydic gearing accordmg to daim 4, 80 
and indudhig a f ree-whed de^cc f or pr^em- 
tog bad^rd rotation 

5. Epicydic gearini_accoidmg to W 
preceding claims, and induding a feee-whed 
device adapted to form a unidirectional hnk «^ 
between the second sun whed and the inter- 
mediate member, die said free-whed device 
preventing die second son vrhe^i from rotatmg 
faster than die intermediate member when die 
intermediate member is rotating in the normal W 

driving directiai, but fredy permitting rela- 
tive rotaticHi in the opposite sense. 

6 Epicydic gearing according to daun :>, 

die free-whed device is incorporated 
in the first dutch. ^# 

7 ^cyclic gearing accordmg to anyor • 
the preceding danns, characterised by a free- 
whed device for preventing badcward rotauon 
of the first annulus. . 

8 Epicydic gearing substantiaUy as nerein- 1 W 
before described widi reference to Fig. 1 ot 

die accompanying dxawmgs. 

9. Epicydic gearmg accordmg daim 
modified substantiaUy as h^embcfote de- 
scribed widi reference to Fig. 2 <rf die accom- 105 

pan^mig drawings. 

REDDIE & GROSE, 
Agents for liie Applicants, 
6 Bream's Building, London, EC4A IHN. 
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